Introduction
Pressure sensitive adhesive (PSA) tapes [ 1 ] have a characteristic to reduce trouble in joining substrates compared to the usual liquid glues and adhesives. Thus, many consumers have been using such a tape to join substrates, package boxes, decorate items, etc. Double-sided tacky tapes have been widely used in many fabrications and assembly industries instead of liquid adhesives because of their ease of use and to reduce production cost without aging process in manufacturing.
Recently, modifications for PSA tapes have been carried out to increase performance, such as high thermal stability, weather stability, creep stability, water stability, etc., to meet new demands. We are also researching ways to develop novel PSA tapes with higher adhesive performance than conventional types as well as liquid adhesives.
From our point of view, the technological strategy needed to modify PSA tapes was selected as shown in Fig. 1 . In joining substrates, the important characteristic of modified PSA tapes is its double-sided tacky tape nature to provide good handling. A curing system is incorporated in them beforehand, so that the bond strength of the cured tape becomes as high as that of liquid adhesives, once the curing system is activated. This strategy can be found in the precedent literature, and most of curing systems were excited by heat. [2] Such curing systems are not suitable for substrates that lack thermal stability, such as plastics. Thus, it has been difficult to spread the thermal-curable system in PSA technological field because only a kind of thermally stable substrates is available.
Recently, UV curing technology based on cationic polymerization have been developed for many applications such as varnishes, coatings, and inks, because efficient UV cationic polymerization catalysts (initiators) have become commercially available. [3] The UV cationic polymerization seems to be good curing system, because we need not to irradiate UV light until the end of the curing reaction due to the dark reaction. [4] It was suggested that, even though substrates are unstable in UV light or are opaque, substrates could be joined with the photo-curable tapes activated by UV. Thus the curing system would be suitable for the above PSA. These features of UV cationic curing system led us to develop photo-curable PSA tapes, as can be seen in Fig. 1 .
Therefore, incorporating UV cationic curing system of epoxy resins into PSA tapes was carried 
Measurment of Viscoelastic Properties
Viscoelastic properties of the obtained photocurable PSA during the curing reaction was measured with dynamic rheology spectrometer (Rheometric Sci. Ltd., RDA-II) as follows: Just after UV irradiating the photo-curable PSA tape, the tape was cut into circles to fit the probe plate. Then it was placed between probe plates. Prepared test piece was attached to the spectrometer to begin measurement at room temperature (0.1 Hz and 0.1% strain) at a given interval.
Measurment of Adhesive Properties
Test pieces for adhesive property were prepared as follows: a piece of photo-curable PSA tape cut in 25 mm X 25 mm was put on a substrate. UV light was applied to the substrate laminating that PSA layer, before another substrate was put on the irradiated PSA layer. The assembled pieces were treated under the condition according to Japan Industrial Standard (JIS Z 0237). These test pieces were then aged for 7 days at room temperature to give test pieces for the measurement of overlapped shear bond strength. Test pieces without UV curing treatment were also prepared according to the above procedure but with no UV irradiation to the PSA layer.
Adhesive properties of the over-lapped shear bond strength were measured with universal testing machine (Orientic Corp., Tensilon UCT-5T). Crosshead speeds were 30 mm/mmn for the non-cured test pieces and 10 mm/mmn for the UV cured test pieces according to JIS Z 0237 and K
3. Results and Discussion

Curability under Dark Conditions
First, the photo-curable PSA prepared was evaluated about their curability under dark conditions at room temperature.
Then, its curability after UV irradiation to prepared photocurable PSA was investigated by measuring its viscoelastic changing and the conversion of epoxy groups under dark conditions at room temperature.
The obtained PSA was sticky and showed good cohesion property discussed as below, and after curing, the PSA was no longer sticky at room temperature and the epoxy groups were almost consumued (conversion > 95%). Fig. 2 shows the storage modulus (G') before and after curing. The storage modulus before curing changed to the higher level after curing, specifically elastic plateau region changed drastically. The maximum of tan b corresponding to the a relaxation also changed -15 °C to 30 °C as shown in Fig. 3 . Thus, the photo-curable PSA was cured to yield the adheive without tackiness by short time UV irradiation and aging under dark conditions.
The curing rate of the photo-curable PSA after UV irradiation under dark conditions was observed by viscoelastic property (Fig. 4) and the conversion of epoxy groups (Fig. 5) . Immediately after the UV irradiation, the shear modulus of the tape was in the characteristic modulus region of PSA, thus that tape was still sticky and able to be handled as easily as conventional PSA tapes in joining (Fig. 4) .
Then, the shear modulus increased exponentially with dark curing reaction Figure 2 . The storage modulus of the photo-curable PSA before and after curing. The cured test piece was obtained after UV irradiation and aging for 7 days at room temperature. time at room temperature. It took about 24 hours to reach the saturated shear modulus.
It was also found that most of the epoxy groups in that tape were consumed (Fig. 5) . Over 95% conversion was found by the titration method with hydrogen chloride in 1.4-dioxane/ethanol media, and the saturation of the adhesive property was more rapid than that of the shear modulus and appeared after aging for ca. 12 hours. It was recognized that the curing rate of the prepared photo-curable NA was good from taking how to use consideration: On the other hand, as precedent literature, [5] UV triggered epoxy curing in PSA were closely by our strategy. It seemed that, however, the dark curing speed would be slow at room temperature because the UV irradiated tapes were heated to accelerate the curing speed. According to the above results, our developed photo-curable PSA would have a better curability at room temperature under dark conditions than that of literature.
Therefore, we succeeded in producing the photo-curable PSA tape with good dark curability triggered by a UV irradiation. We have focused on the dark curing property at room temperature thus far, and did not examine the adhesive property, which is the important factor in material industry along with the curability. Then the adhesive properties were estimated in order to confirm whether joining substrates with the produced tape is feasible after curing treatment.
Adhesive Properties
The obtained photo-curable PSA was used to The properties on painted metal steels were the same as those of stainless steel. Thus our prepared tape would be suitable for joining metal substrates. Furthermore, as can be seen in Fig. 7 , when the plastic plates were used as adherends, good adhesive properties were observed, in particular, it was able to break ABS and hard PVC . This suggests that the produced photo-curable PSA could be also suitable for plastics that deform or become damaged at temperatures where thermal curing usually occurs.
From these results, the produced photo-curable PSA would be suitable not only for metal plates but also for plastics. Noticeably, the developed PSA tape with the UV-cationic curing system can join thermally stable and unstable substrates to each other without damaging the thermally unstable substrates. 4 
